Nanotechnology is a field of research with objects up to 100 nm in size. Nanomaterials belong to a wide area in the field of material engineering. These include nanolayers, nanoslabs, nanopores, nanotubes, nanofibers, nanoparticles and quantum dots. Nanostructures are characterized by special properties due to their nanometric dimensions. The natural properties of nanostructures allow their wide application in various industries. The paper presents an overview of the application and significance of nanostructures in fuel cell technology, with particular emphasis on nanocatalysts. The article includes the classification of nanomaterials, new hybrid nanostructures, types of surface modification, division by area of application, with particular emphasis on nanomaterials in the advanced energy system. The design and operation of fuel cells and the role of nanoparticles have been described taking into account existing solutions to reduce generator costs. The high price of low temperature fuel cells depends on the number of nanoparticles used. The article describes the risk associated with using products at the nano scale. Higher concentrations of these extremely active materials can be dangerous and can cause ecological problems and harm natural ecosystems.
Introduction
In the light of current problems related to environmental pollution, hydrogen is an attractive energy carrier. This gas has a low ignition initiation energy (thus combustion is more efficient), and its water supply is virtually inexhaustible. ordered structure that can be described in the form of linked polycrystals or monocrystals of appropriate size and orientation [5] . Among the most important factors affecting the quality of manufactured nanostructures is the method of conducting reactions (reduction, chemical, photochemical, electrochemical Table 1 . Dimensional classification of nanomaterials [15] . Particle Films and coats, nanofolies, wells, disc three-dimensional (nanocrystalline) nanomaterials 3D Polycrystals (tetrahedron, cube, octahedron) Materials Sciences and Applications processes) as well as quantitative and qualitative composition of substrates. In addition, the final form of the nanoswap is affected by pH, temperature, and the procedure for conducting the preparation process [12] [13] [14] .
Due to their origin, nanomaterials are divided into natural, resulting from the activities of nature: volcanic eruptions, oxidation of minerals, erosion of rocks, sandstorms, atmospheric aerosols or man-made, i.e. antrpogenic origin [5] .
Another division of materials on a nano scale divides them into: ceramic and glass-ceramic nanotombs, polymeric, composite nanomaterials (metal-metal, metal-ceramics), and alloys (see Table 2 ). Table 3 presents selected areas of nanomaterials in everyday life and in indus-
try. An important problem in the industry causing multimillion losses is corrosion and erosion, that is destruction of equipment in the work environment.
This is a problem in the areas of energy (corrosivity of fumes), the aviation industry, refineries, waste incinerators [26] [27] . The use of nanostructured coatings is a solution preventing erosion and corrosion in the industry, increasing the life of components, preventing downtime associated with failure. The most commonly used nanocoating agents are TiAlN, AlCrN, TiNCr, CrN, [5] . Liquids with dispersed nanoparticles are excellent media that transport heat at maximum speed with low losses. This is due to the fact that nano materials have a higher surface to volume ratio and as an additive suspended in the liquid, improve the thermal conductivity of the fluid. Nanomaterials are used in electronics in systems that provide higher data transfer and storage efficiency than conventional ones. Some of the typical applications are given: [28] [29] [30] . Thanks to the application of these novel components, sim- [36] in the field of plant protection and production.
The unique properties of nanomaterials have been used in biomedical sciences, biotechnology and nanomedicine. Nanomaterials can be useful in in vivo biomedical analysis and in vitro programs. The inclusion of nanotechnology has led to the development of physical rehabilitation methods and drug distribution [37] . Nanotechnology-on-chip diagnostics is yet another dimension of lab-on-a-chip technological innovation. Attractive nanoparticles, limited to the appropriate antibody, are used to label specific elements, components or harmful bacteria. Silver nanoparticles marked with short sections of DNA can be used to recognize inherited series in the example [38] . Scientific tests in medicine are carried out using stains of various sizes embedded in polymeric microspheres.
Nanophorous technological innovations also serve to obtain fast information in a digital form about health. Drug intake may be co-administered by the use of an effective broker in the form of dendrimers and mesoporous materials that sends a signal about the drug's effect on health and dosage. This very special strategy reduces the costs and struggles of people. An important aspect of using nanomaterials includes their use in anti-cancer therapies using metal nanoparticles or silver shells [39] . Focused or tailored medicines reduce drug intake and treatment costs, leading to overall social benefits by reducing costs for the public health system. Nanotechnology also opens up new possibilities in the drug distribution techniques using implantable technology. Nanoscience and nanotechnologies have a large potential to contribute to a sustainable energy system especially for [40] [41] [42] [43] [44] :
• supply and use energy, • more effective solution production of energy, • reducing energy consumption achieved thanks to the reduction of power consumption through the use of advanced techniques of insulation materials, the use of more effective lighting techniques (LEDs), huge cage atoms (QCA) or combustion and through the use of lighter and stronger materials in the transport industry [40] , • increasing energy production efficiency by using solar panels to convert energy from the sun into electricity using several different semiconductors placed together, to increase the use of the sun with 40 percent of energy [41] , using spray paint enriched with nanoparticles, which after applying in a given place immediately transforms it into a solar panel [42] .
• use of more environmentally friendly energy systems through the use of power modules, i.e. fuel cells, in which hydrogen is oxidized, and oxygen from the reduction air, producing electricity [43] .
• battery recycling-the use of batteries with a higher energy content or the use of batteries or supercapacitors with a higher regeneration rate using nanomaterials may be useful in terms of battery transfer, will reduce the number [44] . Advances in the wide use of nanomaterials for advanced energy systems strongly depend on innovation, efficiency, price and equipment lifetime (see Figure 1 ).
It is expected that the rational design of nanomaterials will play a key role in the development of generators for the production of energy from renewable sources, devices for water purification, exhaust, air, lithium-ion batteries with high energy density, and most importantly for energy storage. The immediate challenge is to reduce the production costs of nanomaterials and their dissemination.
Nanomaterial production methods are divided into top-down methods con- catalysts for electrochemical processes that occur on electrodes. In hydrogen fuel cells, also carbon-based materials and its allotropic forms are of particular importance, that is: carbon nanotubes, nanocaps, graphene, fullerenes. The mentioned materials, due to their high degree of surface development, are catalyst carriers and basic materials for the construction of fuel cell components. 
Construction and Operation of Fuel Cells

The Role of Nanomaterials in Fuel Cells
Hydrogen produced from water, in the process of electrolysis or from renewable energy (from biogas), may in the future become a solution to the energy crisis, which is a real problem in the near future. However, dependence on expensive Pt-based catalysts in such fuel cells remains a major obstacle to the widespread use of this technology. One solution to overcome this situation is to reduce the Pt content tenfold by replacing partial or total catalysts with base metals or alloys with organic compounds. As follows from the considerations below, several breakthroughs have recently occurred that have increased the activity and durability of non-precious metal catalysts, which can now be considered as potential competitors for Pt-based catalysts.
In low-temperature fuel cells, hydrogen and oxygen are introduced into the cell by means of channels in the covers, from where they pass through the por- High platinum content allows to obtain higher cell voltage but this way of proceeding increases the production costs of the cell. The oxygen reduction process (ORR-Oxygen Reduction Reaction) in fuel cells takes place on a positive electrode, called a cathode. The binding in the oxygen molecule is very strong and therefore difficult to tear. To do this, use four electrons per oxygen molecule, which gives one molecule of water, and the more atoms and electrons that are involved in the electrochemical process, the more difficult and slow the reaction. Each half reaction is in fact a series of intermediate reactions or steps that make up the reaction mechanism. Of the many possible reaction steps or the mechanism of a given half reaction, only individual electron transfer reactions are possible. The total process speed depends on the slowest process and this process determines the ORR reaction rate. As is clear from the considerations, the ORR processes are complicated and long-lasting, requiring the use of catalysts, so that processes can occur at a suitable rate at ambient temperature and at a given pressure. The most desirable way to reduce oxygen is when it goes with four electrons to water. ORR can take two paths. The first, commonly referred to as partial reduction, involves a process with the formation of two electrons resulting in the production of adsorbed hydrogen peroxide. The full reduction follows the more efficient pathway of the four electrons, which does not involve the production of H 2 O 2 [54] [55] [56] . Due to the improved full reduction efficiency as well as the relatively high reactivity of hydrogen peroxide compared to water stability, full reduction is the path sought when choosing a catalyst for ORR.
For partial reduction, oxygen is first adsorbed on the surface of the catalyst. Thereafter, the reaction with the protons from hydrogen oxidation takes place, resulting in the formation of H 2 O 2 , the molecule of which is adsorbed on the catalyst. The reaction product in the form of hydrogen peroxide may then be further reduced to produce two molecules of water, or it may simply dissociate, giving a free molecule of H 2 O 2 [56] .
Electrodes produced using platinum catalyst nanoparticles seem to be displaced in recent times. The main reason lies in the high cost of cell production. [66] , and more recently even 0.2 mg•cm −2 [67] , with particles having to be ground at how much is possible. The classification of nanocatalysts (NC), which accelerate the ORR process in fuel cells, is presented in Table 4 . It is divided into three groups: precious metals, base metal electrodes and organometallic compounds. Platinum is the most commonly used nanocatalyst for oxygen reduction in an acidic environment. With the reduction in the size of platinum particles, the development of the surface increases considerably, which improves the use of the catalyst. A change in the diameter of the nanoparticle from 12 nm to 2 nm increases the development of the platinum surface from 25 m 2 •g −1 to 150 m 2 •g −1 [68] [69].
"Poisoning" of the Catalyst on the Surface of the Anode
The phenomenon of poisoning of electrodes concerns first of all those fuel cells to which the fuel fed requires initial preparation (e,g. DMFC and others). Reforming is a steam process of transforming methane (and other light hydrocarbons) into hydrogen and carbon monoxide. At temperatures between 700˚C -1100˚C, water vapor reacts with methane to form three hydrogen molecules and carbon monoxide. The whole process takes place in the presence of a metal catalyst. Reforming is usually done in the so-called reformers, or devices installed in front 2 . It has been proven that the efficiency of cell energy conversion is already falling at several ppm of carbon monoxide present in the cell. This is due to high CO chemisorption to platinum. CO is deposited on the Pt nanoparticle, thereby reducing the area of the active metal surface [70] . There are two methods to reduce the scale of catalyst poisoning on the electrode [71] [72] . The first is the interference in the reforming process, the second is the use of Pt-based alloys. The task of alloys is to bind CO before it is bound by pure platinum. The first method can include: selective oxidation, catalytic reforming. Selective oxidation is the most commonly used method. It consists in subjecting additional reforming products to the oxidation (whether using oxygen or air). As a result of the process, the amount of CO 2 increases at the expense of CO decline. In addition, to improve the selective oxidation process, an additional catalyst is used, which is placed just before the cell anode. The use of the selective oxidation method may contribute to reducing the amount of CO in the fuel even up to <10 ppm [69] . The CO content in the reforming products can be significantly reduced by using a platinum (or aluminum) catalyst to "capture" the CO particles in front of the cells cell. This method allows to reduce the concentration of carbon monoxide in fuel to 100 ppm. Alloys that bind adsorbed CO, poisoning catalyst (reducing the surface of the active catalyst) are listed in Table 5 . A list of selected binary and ternary alloys based on platinum with additions of the following metals is provided here: ruthenium (Ru), tin (Sn), molybdenum (Mo), tungsten oxide (WO), iridium (Ir), rhodium (Rh), osmium (Os), rhenium (Re). Currently, catalysts based on Pt nanoparticles are still the most active materials, low temperature hydrogen fuel cells, reformate or methanol [82] . Pt alloying with transition metals increases the electrocatalisation of O 2 reduction. In low-temperature fuel cells it was observed that Pt-Fe, Pt-Cr and Pt-Cr-Co electrocatalysts have high specific activity for oxygen reduction compared to [89] . Table 6 presents selected compositions based on nanomaterials of various crystallographic structures, whose chemical The reasons for the increase in ORR activity compared to Black Pt/Ir were considered: the nanodendric nature of the particles, which led to an increase in the electrochemical surface; and interactions of iridium core with platinum coating. 
Threats and Prospects of Nanomaterials in Fuel Cells Development
Nanotechnology and nanomaterials seem to be a field of science with unlimited use. Although it is a relatively new field of science, it is now observing and predicting dangers and consequences [91] . Some properties of nanomaterials recognized universally as unique, such as small size, large specific surface area or surface activity, may cause their toxicity to the environment and living organisms. Important factors determining the toxicity of these substances is also the size distribution of nanoparticles, shape, chemical composition, electron properties, reactivity of surface groups and the ability to aggregate. It should be remembered that nanomaterials are often characterized by different properties compared to their counterparts in the "macroscopic" scale. Often, normally inert materials for living organisms show a significant increase in toxicity when the size of the particles forming them decreases to the nanometric scale. This toxicity may be caused by an easier, increased release of heavy metal ions from the surface of nanoparticles, caused by porosity of nanoparticles, tendency to agglomerate, significant chemical affinity for many biological structures or increased chemical reactivity of their surface.
With such a pace of development of nanotechnology, special attention should be paid to the methods of utilizing nano-scale materials [92] [93] . These materials undergo many transformations in the natural environment, such as aggregation, dissolution and oxidation. Higher concentrations of these extremely active materials can be dangerous and can cause ecological problems and harm natural ecosystems. Understanding all phenomena related to the presence of nanoparticles that have somehow gone into the soil or into the ecosystem and the relationship and transformation of nanoparticles will help formulate remedial actions in the face of increasing their nanomaterials from the utilization of industrial components. The most important barrier in nanomaterial risk management is the technology developed to detect these materials, including portable devices for faster diagnosis and measurement. On the safety of nanomaterials on the environment. Still as lack of information about the tests that are currently R. Wlodarczyk DOI: 10.4236/msa.2019.1010046 657 Materials Sciences and Applications available, they are available on the amount of nanoparticles. Meanwhile, the toxicity of these materials. It is necessary to provide the society with society, while ensuring security. In the future, it is planned to use fuel cells for biomedical applications, inter alia as biocells and as micro devices intended for the production of electricity. In the near future, the most promising market for nanomaterials in the energy sector will probably be the development of hydrogen technologies, including fuel cells.
Conclusions
Despite many world successes in the field of fuel cell technology, work on improving cells continues. At the moment, work is being done intensively on solving the issue of hydrogen generation and storage, reduction of generator production costs and their miniaturization. An obstacle in the commercialization of these solutions is the high cost of materials, high weight of instrumentation and hydrogen storage (no hydrogen infrastructure). Since the early 1950's, significant advances have been made towards lowering the price of the cell and increasing power. However, fuel cells are still too expensive and their service life (about 10,000 hours) is too short. The operation of fuel cells depends to a large extent on the purity of the fuel and the condition of the catalyst. Contaminants cause catalyst "poisoning". At high costs of the catalyst, which is platinum, taking care of its stability and durability during the work of the cell is extremely important. Also the water management in the cell must be optimized: too high a level of moisture can cause the membrane to "flood"; too low a level will cause the diaphragm to dry out and its irreversible destruction. The extremely important role of catalysts, in the form of nanomaterials, requires continuous research on the materials from which cell elements are built. There are two ways to obtain perfect materials: modification of already known materials or reaching for new materials and use of nanotechnology. As can be seen from the above considerations, the transition from bulk materials to nanoscale can significantly change the electrode and durability of fuel cells. Nanoparticles have catalytic capabilities of the processes taking place in the cell, but also nanostructures with other morphologies (nanotubes, nanowires, nanofoams, nanospheres, nanodendrites, nanorods, nanooctahedra) are also effective. On the other hand, nanomaterials also have disadvantages, such as low thermodynamic stability, high surface reaction, and possible toxicity problems. The solution of challenges related to the design of optimized hybrid nanostructures and surface modification, the implementation of systematic testing of nanomaterials properties and control of their operation on the environment, determination of procedures related to the detection of nanostructures, will be a major breakthrough in the development of nanoscience in hydrogen technology.
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